CHANGES of electric potential are often the most valuable sign of cell activity. They can be followed however rapidly they occur, they can be detected by electrodes at a distance from the active region and they are often the only direct source of information available. This, at least, is true of the nervous system. Impulses in nerve-fibres can be detected by their effects on the muscles or on consciousness, but the detailed analysis of a nervous discharge can only be made from records of the action potentials in the nerve. In the cerebral cortex we are badly in need of such detailed information: there are special difficulties to be overcome, but the recording of potential changes has already brought to light some unexpected facts about the activity of the cortex in animals and in man.
regular series rising and falling in frequency but identical in size. In the grey matter of the central nervous system these methods cannot be used and we have no way of recording the activity of single units. Fortunately, however, the cortex need not be regarded as a system of several million independent units. The cells act in groups, small or large, and sometimes there is a fairly simple co-ordinated wave spreading over a wide area. Activity of this kind occurs only in special conditions, but it gives rise to relatively simple potential changes, and if very many units are involved the potentials are large--large enough to record in man through the unopened skull.
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There are two facts of the first importance for an understanding of cortical potential changes. One is that the nerve-cells are rarely at rest but tend to discharge periodically although there may be no afferent excitations to arouse them. This can be seen from any record made from the exposed cortex of an animal, for even in very deep anaesthesia there are constant oscillations of potential. The other fact is that groups of nerve-cells very often tend to act in unison when there is nothing to prevent them. The large regular potential waves which may occur in the retina (Adrian and R. Matthews,'1928) , or in the optic ganglia of insects (Adrian 1932) are the best example of a synchronous activity, but there is often a fairly regular periodic activity in the ancesthetized cortex. Now if a large mass of nerve-cells is to pulsate with a co-ordinated beat it is clear that all of them must tend to pulsate at the same frequency. If afferent messages excite some to a higher frequency the co-ordinated beat must break down; and so these cortical rhythms are broken up by external simulation, to return again when the animal is undisturbed. The best condition for their formation would evidently be supplied by the complete isolation of the cortex from the rest of the nervous system. Bremer (1935) has used preparations of the isolated cortex and found very regular potential waves at 10 a second as long as the blood supply is maintained.
These co-ordinated waves of activity express the tendency of nerve-cells to associate together. The tendency, upon which the whole working of the cortex seems to depend, has been studied from many aspects, for it is involved in the building up of conditioned reflexes, in the facilitation and deviation of response in the motor area, &c. It can be studied electrically by recording the potential changes produced by stimulating the cortex. This method shows very clearly that one factor in establishing a co-ordinated system is the building up of conducting pathways in the grey matter. Repeated stimulation of a point on the rabbit's cortex brings about a state in which at each stimulus a wave of activity spreads out like a ripple, each ripple spreading slightly further than the last until they cover a disc 1 cm. or more in diameter. A conducting system of this kind has a very short life but may remain in existence for as much as half a minute after stimulation has ceased. It is possible, therefore, to blaze a trail through the cortex in a given direction by stimulating repeatedly at different points along the line. If the stimulation has been prolonged there is usually an after discharge of waves arising both from the stimulated point and from other points on the cortex; these waves spread outwards in the same way and at the same rate (20 to 30 cm. per sec.) as those produced by the stimuli. We have then the electrical counterpart of the epileptiform attacks which result from excessive stimulation of the cortex. As a result of the gradual building-up of the conducting system the potential waves are very large, for a large percentage of the cortical neurones contribute to them, and they can travel freely in all directions, often throughout the entire cortex. Similar waves are developed as the result of injury to the cortex and of convulsive drugs.
From this brief account it will be seen that there are two conditions which favour the development of large and relatively simple potential changes in the cortex. One is an absence of the usual streams of afferent impulses and the other is the epileptiform state. The former allows the natural, spontaneous discharge of the neurones to occur, with nothing to prevent the different discharges from coming into phase; in the latter an abnormal degree of association has developed and the whole cortex is a freely conducting mass. There is every reason to believe that these are the two conditions which gives rise to the characteristic waves of the, human electrencephalogram.
The name is due to Hans Berger who was the first to show that there was anything of interest to record from the human cortex through the unopened skull (Berger, 1929 (Berger, -1935 . Using needle electrodes in the scalp he found that if the subject was alert the record showed nothing but the usual small, irregular oscillations, but if the subject lay with closed eyes, a regular series of waves appeared, with a frequency of about 10 a second and an amplitude of about 0 05 to 0-1 mv. The waves of the Berger rhythm vary in size from moment to moment and may be absent altogether when the subject is first examined, but in every one they will appear sooner or later, provided that a sleepy and contented frame of mind can be induced (by drugs if necessary) and provided that the eyes are closed. Since the waves can be recorded from any part of the scalp Berger considers that they normally arise from every part of the cortex. Tonnies (1934) , Kornmiiller (1935) , and Adrian and Matthews (1934) find them larger over the occipital region, and Adrian and Yamagiwa (1935) have recently mapped out the potential gradients over the head and found that the maximum activity is nearly always occipital. The focus is not at a fixed point in the occipital area but shifts from place to place. This localization suggests that the rhythm is due to a spontaneous beat occurring in a region which is normally occupied with visual activities but is left to itself when the eyes are closed, for the main condition for the appearance of the waves is that there should be an absence of visual sensation and of visual attention. Opening the eyes is the surest way of stopping the rhythm: it can persist if the visual field is uniform but ceases as soon as the subject tries to see.
The suggestion that the Berger rhythm is the spontaneous beat of an unoccupied visual area is still sub judice. Whatever its explanation, the most interesting fact about the rhythm from a clinical point of view is that it can be produced much more readily in some subjects than in others. Many of us give large, regular waves as soon as we close our eyes, and in spite of the fact that we may be feeling very far from calm. Others need a couch, a darkened room, and a dose of amytal. Nervous, apprehensive people are more often in the second category but by no means invariably. It will be surprising if there are no differences in the mental and emotional constitution to correspond with such different behaviour in the cortical machinery, yet for the present no certain correlation has been found. The clinical value of the electrencephalogram may well be greater in that other condition which promotes unified activity in the cortex-the epileptiform state. If an epileptic fit in man has any resemblance to a fit induced by thujone, camphor, or injury to the cortex in an animal, we should expect to find a series of very large potential waves travelling widely over the cortex. These have been found by Berger (1934) and by Lennox, Gibbs, and Davies (1935), both as an accompaniment of a fit and as the prelude to one occurring spontaneously or induced by hyperventilation, &c. In theory it should be possible to locate the point of origin of an epileptic attack by recording the potential waves; in practice there may be technical difficulties, yet the method can scarcely fail to give new light on a very old problem.
To give potential changes measurable through the skull in man a fairly large number of cortical neurones must work in unison. In normal activity with the eyes open there will be little opportunity for this, and we can only record the rapid, irregular oscillations which are the summed response of many independent groups. Rhythmical afferent stimulation may produce a corresponding cortical rhythm, and if a large enough area is affected the potential changes will be appreciable. Thus if the whole visual field is made to flicker, a corresponding potential rhythm can be detected in the occipital region (Adrian and Matthews, 1934) . Apart from this, however, it has not been possible to induce rhythmic activity over a wide enough area. Electrodes on the exposed surface of the cortex should be able to record all manner of activities, but as long as the skull intervenes, the details of the picture will be blurred and only the general outlines visible. Many improvements in technique will be needed before we can record the electric changes accompanying a train of thought, and a much greater understanding of cortical mechanisms before Proceedings of the Royal Socidy of Medicine 14 we can interpret them. But we can record the Berger rhytnm and the waves which accompany an epileptic fit and this is, probably, a step in the right direction.
[ABSTRACT] THE special place taken by the brain in the organization of the animal body makes a study of its enzymic activity of more than ordinary interest. Not until recently have systematic investigations of brain enzymes been made and at present our knowledge of this subject must be considered meagre. It is evident, however, that enzymic behaviour of brain, whilst showing much in common with that of other organs, presents also a number of unique features.
So far as hydrolytic mechanisms are concerned the brain seems to have only poor catheptic or tryptic powers, but phosphatases splitting glycerophosphate, nucleic acid and hexosediphosphate exist in the organ [7] . It is rich in fumarase [29] and glyoxalase [161-enzymes which have the power of adding the elements of water to fumaric acid and methylglyoxal without further fission of the molecules formed, and recent work [21] indicates that the brain is well supplied with glutaminase, an enzyme that hydrolyses the amide glutamine. We know too that brain [41] can split acetylcholine by an esterase which is inhibited by physostigmine.
The predominant amount of work so far, however, has been carried out with respiratory and hydrolytic systems of the brain, and with these it is proposed very briefly to deal.
In common with other mammalian tissues, brain possesses an indophenol oxidase [40, 13, 14, 34] , the enzyme which is commonly supposed to be mainly responsible for the activation of molecular oxygen. Grey matter is three or four times as rich in the enzyme as white, and it is an interesting fact that this oxidase activity of brain seems to be inversely proportional to the size of the particular type of animal from which the brain is taken [34, 40] . Peroxidase exists to a slight extent in brain and so does catalase, though the amount of the latter is small (perhaps one-hundredth of the amount in liver [37, 8] ). The respiratory
